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Introduction
Artificial retina is one of the most demanding neuro-stimulation applications requiring very high resolution to achieve visual repair. The technology has been proposed for retina degeneration diseases, such as Retinitis Pigmentosa (RP) and age related macular degeneration (AMD). AMD is the leading cause of vision loss threatening to affect a substantial part of the aging population in the future decades. In retinal degeneration diseases, the inner retinal layers often remain functional (Margolis et al., 2008) , and despite occurrence of rewiring of retinal neurons during retinal degeneration (Marc et al., 2007) , the retinotopic map in the visual cortex is generally preserved (Xie et al., 2012 ). An artificial approach to bypass the adverse effects of photoreceptor degeneration is therefore possible through localized electrical stimulation of inner retinal neurons. Micro electrodes for retinal stimulation were extensively explored over the past several decades for artificial retina applications. Several general schemes including epi-and sub-retinal approaches have been proposed, all sharing the common principle of a multi-electrode array (MEA) for electrical stimulation of the retina Zrenner et al., 2011) .
The development of a functional retinal prosthesis that can mimic visual perception is hindered by a multitude of challenges, ranging from biocompatibility and electrode miniaturization to resembling physiological signaling. A major challenge is the complex signal processing executed by the retina. Questions such as how to stimulate specific cell populations, as well as how to limit the spatial and temporal resolution of the response, remain open (Freeman et al., 2011b ).
Three activation scenarios are possible in epi-retinal stimulation (Margalit et al., 2011) . The first involves activation of remaining photoreceptors or bipolar cells (BPC) and subsequent retinal ganglion cell (RGC) activation (indirect activation). A second possibility involves the direct activation of a single, or several, RGCs, positioned close to the stimulating electrode.
This activation process is typified by a single unit response at very close proximity to the stimulating electrode. A third process involves activation of axons crossing the stimulating electrode. In this case, both forward (orthodromic) and backward (antidromic) axonal propagation is expected. The first two scenarios yield spatially localized groups of activated RGCs (the second one in time as well). The third scenario is highly non-localized as the information transmitted to the optic nerve is equivalent to the one that would have originated from an entire ganglion cell region (numerous ganglion cells with axons crossing the stimulating electrode are evoked). Although the activation thresholds among different cell layers, cell types and cell compartments are different (Sekirnjak et al., 2008) , it is likely that, under realistic conditions, all three activation scenarios coexist. Indeed, patients with epi-retinal implants often report longitudinal phosphenes as a result of stimulation (Nanduri et al., 2012) . Clearly, choosing a specific activation scenario to achieve a desired visual perception is a major challenge in epi-retinal stimulation.
Despite extensive investigations in the field of electrical retinal stimulation over the last two decades, there is still a lack of ex-vivo quantitative and functional characterization of axonal activation, and very little is known about how to elicit direct versus in-direct activation. Since retinal stimulation involving direct electrical activation of retinal ganglion cell axons can lead to highly non-localized retina-brain mapping, it can significantly hamper the spatial resolution of epi-retinal implants. Therefore, properly identifying axonal activation and controlling it is important to fully capture the effect of electrical stimulation. Rodent models are commonly used in ex-vivo studies of retinal physiology and disease mechanisms (Homma et al., 2009; Ye et al., 2008) . Some previous research with mammalian retinas demonstrated local distribution of responses around the stimulating electrode (Sekirnjak et al., 2006) , revealing little as to axonal activation. Recent studies showed activation along the nerve fibers (Petoe and Shivdasani, 2016; Twyford and Fried, 2016) . The chick retina offers (as we will show below) a straightforward mapping of axonal activation. In this study, we therefore chose the chick retina to study the effect of asymmetry on axonal activation. We used charged balanced current stimulation to guarantee stimulation safety while modifying systematically the asymmetry between the phases (Weitz et al., 2015) . By applying asymmetric electrical stimulations, we could directly control, for the first time, the ratio between direct versus indirect dominated activation.
Methods

Retinal model, preparation and handling
We used embryonic chick retinas as a model system. The cell composition of the chick retina [13] , as well as fibre diameter and conduction velocity (Rager, 1976) during different developmental stages, are well known. We chose to use retinas from embryonic day 14, when most of the BPC and RGC are developed, but the photoreceptors are not fully developed. Indeed, in this developmental stage, the retina does not show response to optical stimulation, but shows intensive spontaneous neural activity (Wong et al., 1998) , as do degenerated retinas (Menzler and Zeck, 2011) . Moreover, recordings from RGC axons are easily achieved with a conventional MEA setup. All animal procedures were conducted under the institutional animal care standards. After chick sacrifice and eye enucleation, retinas were dissected under a binocular microscope under physiological conditions. Isolated retinas were transferred using a physiological solution-filled pipette to the experimental chamber. The physiological medium used contains 124 mM NaCl, 5 mM KCl, 2.5 mM CaCl 2 , 1.2 mM MgSO 4 , 25 mM NaHCO 3 , 1.2 mM HEPES and 10 mM glucose in deionized water (DW). Tension-relieving incisions were made in the retina to allow its flattening, and the retina was placed, nerve fibres layer (NFL) facing down (as in epi-retinal implant), on the MEA. Excess physiological solution between the retina and the electrodes was carefully sucked out using a fine pipette. Better coupling between the tissue and the electrodes was achieved by placing a small piece of polyester membrane filter (5 µm pores, PET5013100, Sterlitech, Kent, WA, USA) on the retina, followed by a slice anchor holder. The time between chick sacrifice and retina positioning was less than 5 minutes. Next, the experimental chamber was filled with physiological medium, and during the whole experiment the medium was continually perfused (1-5 ml/minute), oxygenated by 95% O 2 and 5% CO 2 , and kept at 34°C, using a heated cannula (PH01, MultiChannel Systems, Reutlingen, Germany) (Hammerle et al., 1994) . Spontaneous activity was electrically recorded to validate the viability of the retina and the formation of good coupling between neurons and the MEA.
Electrical recording
The electrical detection approach is based on a MEA setup, which enables simultaneous extracellular recording of evoked action potentials from different sites. The MEAs used in this study consisted of 60 titanium nitride (TiN) electrodes in two different configurations, a high-density hexagonal MEA with 10 µm in diameter and 40 µm spacing (maximal recording field: 320 µm in diameter), and low-density MEAs with 30 µm in diameter and 200 µm spacing (maximal recording field: 1700 µm in diameter, MultiChannel Systems). Signals were acquired from all electrodes, amplified (gain ×1,200, MEA1060-Inv, MultiChannel Systems) and digitized at 20 kHz using a 128-channels analogue to a digital converter (MC Card, MultiChannel Systems) . Raw data during 100 ms pre-stimulus and 400 ms post-stimulus were recorded (MC Rack, MultiChannel Systems), extracted into MAT files using Neuroshare (a software for electrophysiological data analysis, Version 3.6), and analyzed using Matlab (R2012a, The MathWorks, Natick, MA ,USA). Data recorded from the stimulating electrode were ignored due to a high noise level, caused by the external connection to the stimulator.
The intensity of the indirect response was defined as the number of detected spikes in a time window of 10-400 ms post stimulation. Spikes were detected as action potentials according to their signal to noise ratio (SNR, >4 standard deviation (SD) of the signal recorded during 100 ms pre-stimulation time window). The intensity of the direct response was defined as the amplitude of the negative phase recorded 0.7-6 ms after stimulation.
Optical recording
The optical recording approach is based on calcium imaging. Calcium ion dynamics has a strong correlation to initiation of action potentials and can be imaged by calcium indicators loaded into the cells. To load the indicator into RGC axons, one needs a parallel but selective injection method. We used bulk electroporation, as introduced by Briggman et al. (Briggman and Euler, 2011) , and imaged the calcium ion dynamics during epi-retinal electrical stimulation. A calcium indicator (Oregon Green 488 Bapta-1AM Hexapotassium salt, Invitrogen, 5mM in saline) was loaded to the RGC axons using a commercial electroporation dish/electrode pair (CUY700P3E/L; Nepagene/Xceltis, Meckesheim, Germany), consisting of horizontal, flat, 7 mm in diameter electrodes. The isolated retina was mounted on a photoreceptor side down on filter paper, which was centered over the well of the electroporation dish containing the lower electrode, and filled with 7 µl of saline. A 5 µl drop of the fluorescent indicator dissolved in saline was applied to the underside of the upper electrode. The upper electrode, mounted on a micro-manipulator (WPI-KITE-M3-R, World Precision Instruments, Sarasota, FL, USA), was lowered until the drop was in contact with the retina. The retina was electroporated (pulse amplitude: 10 V, pulse width: 10 ms, pulse rate: 1Hz), the upper electrode was then raised and the filter paper with the attached retina was transferred to the recording chamber. After validation of retinal viability by recording spontaneous activity, the chamber was placed under a fluorescence microscope for imaging. Time lapse data were taken with an upright microscope (BX51WI, Olympus) fitted with an EMCCD camera (Andor Ixon-885), and a water immersion objective (×40 LUMPLFL NA 0.8, Olympus). This setup allows the visualization of cells residing on top of nontransparent electrodes, with a field of view of 0.04 mm 2 . Fluorescent excitation was provided via a mercury lamp (EXFO xcite 120PC), coupled to a dichroic mirror with a filter to match the dye spectrum (Chroma T495LP). Camera control was achieved with Andor propriety SOLIS software (X-3173).
Time lapse recordings were performed at a 2×2 binning mode with a resolution of 500×502 pixels and 50 frames per second. Time lapse sequences were collected via a dedicated 12-bit Andor data acquisition card installed on a personal computer, spooled to a high capacity hard drive and stored as uncompressed multi-page TIFF file libraries. A major challenge in calcium imaging of thick tissues is the light scattering by different tissue layers and the accompanied reduced contrast. Therefore, achieving high SNR demands the use of high excitation intensity, which in turn leads to fast photo-bleaching of the dye. To compensate for this fast photo-bleaching, a bi-exponential curve was fitted to the pre-stimulus fluorescence values (for each pixel) for estimation of the fluorescence decaying baseline (Song et al., 1995) , and the fluorescence change (∆F/F) was calculated and averaged for the chosen region of interest.
Electrical stimulation
Retinas were electrically stimulated using a dedicated stimulator (STG-1008, MultiChannel Systems) through one of the MEA electrodes versus an external reference. Stimulations were all charge-balanced bi-phasic (cathodic-first) current stimulations. Stimulation intensities were kept below the safety limit of TiN electrodes (23 mC/cm 2 ): stimulation amplitudes ranged between 3 to 500 µA, and the duration between 60 to 1200 µS.
Pharmacology
Sodium channels were blocked using tetrodotoxin (TTX, 3 µM, Sigma). During TTX application, perfusion was stopped and the medium was heated by a hot plate (HE-Inv-12, MultiChannel Systems). The medium was then sucked out, mixed with the TTX solution by a vortex mixer and returned to the chamber.
Results
Activation pathway can be identified from response latency and amplitude
To explore which retinal element is being stimulated for a given stimulation pulse, we examined the recorded waveforms and their temporal properties. Direct response of RGC somas and axons is expected to occur closely after stimulation, with a time lag of a few tens of microseconds after the stimulation artefact that is picked up by the recording electrodes. It can be separated from the indirect response which appears a few milliseconds after the stimulation and lasts a few hundred milliseconds, depending on stimulation intensity (Freeman et al., 2011a) . Figure 1A and 1B show typical recorded data from a chick retina in response to electrical stimulation in two temporal windows. It is important to note that neuronal activity propagates and can be recorded in the retina over large distances from the stimulating electrode as signals are recorded from the nerve fiber layer. In natural vision or with potentials evoked by electrical stimulation, the responses propagate along the entire axon toward the optic disc and on via the optic nerve. Examination of the signals recorded right after stimulation (4 ms, Fig.   1A ) and in a delayed window (10 ms over 190 ms, Fig. 1B ), reveals that while the amplitude of the direct response (Fig. 1A) ranges between a few hundred microvolts to a few millivolts, depending on the stimulation charge, the amplitude of the indirect responses (Fig. 1B) is relatively constant, and only the number of detected events and the length of the window of detected events increase with an increased charge. This difference can be readily explained from the fact that following stimulation, the direct response is highly synchronized due to the short time lag among the responding elements that it comprises. Therefore, the recorded signal is the summed extra-cellular response of an entire population of evoked cells. The higher the stimulation charge, the larger the number of affected cells. The response amplitude is therefore in direct correlation with the stimulation charge. In contrast, the indirect response is less synchronized and each action potential is recorded separately. To validate that the direct response is not an artifact of the stimulation current, we applied TTX, a sodium channel blocker that completely abolished the short-latency signal (Fig. 1C) .
Directly stimulated RGC axons can be identified using MEA recordings
We further characterized the responses recorded from the RGCs. To this end, we mapped different responses (direct and indirect) around the stimulating electrode in the MEA, and a color-coded map was plotted showing the intensity of the responses. (Fig. 2D) , and a bi-directional and longitudinal direct response (Fig. 2C) . Accumulated data from all other electrodes (overall 60 electrodes) reveal the same pattern. These results suggest that the observed responses are in fact action potentials recorded from RGC axons. As indirect responses involve synaptic activity, the action potential in these responses spreads only orthodromically.
A group of cells or their axons in the inner nuclear or inner plexiform layers is stimulated, they synapse onto RGC, which carry the signal toward the optic nerve head. This bundle of RGC axons is picked up by the band of electrodes downstream from the stimulating electrode (illustrated in Fig. 2D,E) . In contrast, direct responses result from stimulation of axons, and the action potential spreads in both directions, orthodromically and antidromically (Fig. 2C) .
Similar results were obtained using 8 chick retinas. In contrast, similar tests with mice retinas (data not shown) revealed direct and indirect responses, but did not yield the clear directional response observed in chick retinas. This issue is further discussed later in this article.
The detection limit of direct axonal activation can be determined by its conduction velocity
Recording from RGC axons is possible only under certain conditions of proper MEA setup , or on a retina model (as described above). However, even under conditions which allow axonal recording, owing to the fact that electrical recording cannot detect the retinal activity during the stimulation and the first several milliseconds that follow, it is clear that the ability of an MEA recording to provide a full view of the RGC axons actual responses to electrical stimulation is limited. The limits are determined by two factors. The first is the stimulation pulse width: wider pulses lead to longer stimulation artifacts, thereby reducing the ability to detect direct responses. The second one is the diameter of the recording field: a wider field enables a multi-unit recording of conducted signals far away from the stimulation site, where the stimulation artifact is smaller. In fact, the detection of direct responses is limited by the relation of these parameters, which is the action potential conduction velocity: higher velocity means an earlier response. The detection of axonal response therefore demands reducing the pulse width, or alternatively, increasing the recording field.
In order to derive the conduction velocity, we recorded the responses of a chick retina to short-pulse stimulation with 60 µs duration and a range of current amplitudes. By plotting the response distance from the stimulating electrode versus its minimal peak time, we found the velocity of each conducted action potential (both orthodromic and antidromic). Cumulative results from responses to stimulations at all 60 electrodes yielded a conduction velocity of 0.351±0.025 m/s. As expected, the velocity was not affected by the stimulation intensity ( Fig   3A, B) . Moreover, these values agree with conduction velocities measured in chick embryos at the appropriate developmental stage (Rager, 1976) . We note that the calculation above assumes that axons run in a straight line between the electrodes. While axons do not necessarily run entirely in a straight line and can run in an arced (curved) line, the Ca imaging (see Fig.   4D ) of the propagation indicates that a straight line is a pretty good estimate under our experimental conditions.
The detection limit of direct responses can be overcome using optical recording
As explained above, the detection of direct responses for any given stimulation pattern and electrode configuration, with a higher recording diameter to stimulation width relation than the one allowed by the conduction velocity, cannot be achieved using MEA recording. We therefore used Ca imaging to optically record responses to electrical stimulation. A chick retina (E14) was used after electroporation and selective dye introduction. The retina was placed on a high density MEA (Fig. 4A ) and its spontaneous activity was recorded, validating the viability of the retina. Next, electrical stimulations of long pulses (of 1 ms and amplitude of 10 µA) were delivered and the response was recorded electrically and optically. No electrical response was detected, but the optical recording showed RGC axons response to stimulation (Fig. 4B, C) .
While the relatively slow calcium traces do not allow detailed inspection of the response onset at the single action potential (as in electrical recording), the lack of long-term electri-
cally-recorded signals indicates that the response is direct. Spatial examination of the responses to stimulations with different intensities confirmed this assertion: we found that the activation threshold depends on the axon's distance from the stimulation site. This effect is best illustrated in Figure 4D , which shows the charge needed to achieve activation at different locations of the retina around the stimulating electrode.
Stimulation pulse shape affects retinal response
We further examined whether pulse shape, in particular its asymmetry, can affect the type of response produced by the retina. In order to do this, we used discrete stimuli with balanced biphasic square pulses of 2.4 nC. Duration of the first or the balancing phase of the stimulus, or both phases, was changed in the range of 120-1200 S, while the amplitude was changed accordingly to maintain constant charge. The fixed phase was kept at 300 S, 8A. The retina was stimulated for 4 min at 0.5 Hz. Stimuli were randomized in a series that was repeated 24 times and the results represent the average response during 4 min recordings. We examined the responses recorded 1265 m away from the stimulating electrode to minimize sensitivity to the stimulation artifact. Amplitude of the direct responses was measured from trough to peak, and the number of indirect responses was calculated over a period of 1900 ms from the stimulus.
The amplitude-duration ratio of the first and balancing phases of cathodic stimuli affected the amplitude of direct responses (Fig. 5) . Increasing the duration of the first phase caused an amplitude reduction in the responses, up to 50% (Fig. 5C) . Conversely, increasing duration of the balancing phase induced an amplitude increase by up to 2.5-fold (Fig. 5C ). Symmetric stimuli of changing duration demonstrated a similar effect to changing only the first phase.
The extent of the indirect responses appeared unaffected by the asymmetry and phase durations. Furthermore, anodic stimuli had a little effect on the amplitude of the direct, or on the number of indirect responses.
Discussion
The mammalian retina comprises over 60 different cell types, each with a distinct role in processing the visual image. A complex network of forward excitatory signals and lateral inhibitory feedback signals function in synchrony to create the information transmitted to the brain. The intricacy of the retina poses great challenges in developing a prosthetic device that will provide useful vision. For example, it has been realized that a greater number of stimulating channels does not necessarily translate to greater efficacy: patients with implanted devices comprising 1500 photodiodes and electrodes do not see 1500 individual pixels (Guenther et al., 2012) . Improved performance can possibly be achieved by customising the stimulation to various cell types. It has recently been shown that the mouse retina harbours over 30 different RGC types that function as various output channels, specializing in extracting specific features of the visual scene, such as direction of motion and levels of illumination (Baden et al., 2016) . Epiretinal devices are placed adjacent to RGC and their axons and are designed to stimulate them. The ability to process the visual input, extract features of interest and tailor the electrical stimulation to activate specific retinal pathways will improve performance of prosthetic devices. We demonstrated in this study that the embryonic chick retina offers benefits as an ex-vivo model to study retinal responses to stimulation. MEA recording from the chick retina can be used to clearly distinguish between direct axonal and indirect RGC activation. At the stage of development used in this study, the chick retina displays the layer layout of a mature retina but is still irresponsive to light (Doh et al., 2010; Wong et al., 1998) . Furthermore, the synaptic maturation in the outer plexiform layer does not occur until day E16 (Hughes and Laveille, 1974) . Therefore, it is probable that the indirect responses originated in the inner nuclear cells and did not involve photoreceptor activity. As stated in the Results section, tests with mice retinas (carried out by us and others) revealed direct and indirect responses, but did not always yield the clear directional response observed in chick retina. This directional response may correspond to the arcuate visual precepts that are often reported by patients in response to spot activation of the NFL. Clearly, the absence of such directional responses, even in indirect activation (when such responses are clearly evoked), indicates that MEA preparations in these cases are incapable of properly reflecting axonal activity propagation in mice retinas. Indeed, novel, high density MEA was successfully used recently to record axonal activity propagation from rabbit retinas . The high density MEAs, which allow high resolution analyses, were used to study concerted activity of RGC populations in the rabbit (Fiscella et al., 2015) . Even in these systems, recording is probably restricted to a sub population of axons. The size of the retina and its natural curvature may be an additional factor determining the electrical coupling between the retina and the MEA, possibly making axonal recording of thick unmyelinated axons from a larger retina more feasible.
An alternative approach to electrical recording is optical recording, namely calcium imaging. Unlike calcium imaging of neuronal cell cultures that can be achieved in parallel to MEA recording and stimulation using AM ester dyes (Herzog et al., 2011) , a similar technique in the retina leads to massive non-specific loading of the dye that masks the RGC layer.
More selective retrograde loading of this dye into the retinal RGC through the axons was introduced by Behrend et al. (Behrend et al., 2009) , but this method demands a long diffusion time for massive labeling, which is possible mainly in cold-blooded animals. The electroporation technique allows substantial and diffuse labeling of the RGC's. Calcium imaging is not affected by interference from the electrical stimulation, and its spatial resolution is not limited by an inter-electrode gap, compared to electrical recordings. This technique, on the other hand, has low temporal resolution due to the relatively slow calcium signals. Although there is some evidence that calcium imaging is less sensitive to electrical stimulation of the retina than electrical recording (Luo et al., 2012) , it has been used for detection of direct and indirect responses of RGC somas to epi-retinal MEA stimulation (Behrend et al., 2011) . The
Ca imaging technique in this study complemented the electrical recordings and corroborated our results. This technique demonstrated activation of nerve fibers, and a linear relationship between intensity of axonal stimulation and the width of the responding area.
The results described in this study demonstrate that detection of direct axonal effect of different electrical stimulation patterns with different MEA layouts depends on the retinal model system, the MEA properties, and the conduction velocity of the evoked action potential. When the stimulation duration is shorter than the time scales dictated by the conduction velocity and the recording field dimensions, direct axonal response can be detected both electrically and optically, and detailed information about its intensity, latency and location can be extracted explicitly and in relation to the properties of the simultaneous indirect response.
When the stimulation duration is longer, the direct axonal response can be detected only optically, and therefore its exploration is limited by the characteristic time scales of calcium dynamics (in the presence of the indicator), which last up to a few seconds. Thus, identification of activated pre-synaptic cells cannot be simply segregated from the directly activated RGC compartments by analyzing the signal time and waveform.
This distinction is relevant to another advantage of the optical detection over the electrical one, which is its applicability for both sub and epi-retinal configurations. Sub-retinal electrical stimulation and epi-retinal recording (Lorach et al., 2015; Stutzki et al., 2016) require the placement of the preparation in between the recording and stimulating units. Calcium imaging makes it possible to stimulate with a MEA sub-retinally and to record RGC responses optically, without the need for additional epi-retinal MEA recording.
Selective stimulation of retinal cell types is the key to clever prosthesis design and to this end the response of retinal cells to stimuli has been studied extensively. Natural stimulation and artificial stimulation do not necessarily evoke the same response (Im and Fried, 2016) and correlation between light and electrical stimulation is different for different populations of retinal cells (Im and Fried, 2015) . Stimuli can therefore be designed to suppress or emphasize features of retinal cells. Current constraints of electrode size allow stimulation of a relatively large number of cells as well as several cell types, however future advances in understanding of retinal processing algorithms and in stimulation strategies may enable pinpointed activation (Yue et al., 2016) . Studies that modelled neuronal responses to various stimulus parameters suggested that asymmetric biphasic pulses can be used for selective stimulation (McIntyre and Grill, 2000) . Asymmetrical charge-balanced biphasic stimuli, consisting of a long-duration, low-amplitude cathodic prepulse phase, followed by a short-duration, high-amplitude anodic stimulus phase, enabled selective activation of cells near the stimulating electrode. Conversely, an anodic prepulse phase, followed by a cathodic stimulus phase, enabled selective activation of fibers of passage (McIntyre and Grill, 2002) . Additional alterations in stimuli profiles was used by several researchers as a strategy to achieve selective stimulation and to change stimulation efficiency (Yue et al., 2016) . Sinusoidal waveforms of various frequencies activated different cells, indicating that different cells have distinct charge requirements for activation and that the waveforms have different charge efficiencies (Twyford and Fried, 2016) . Pulse duration was used as a selective tool between second and third order retinal neurons (Boinagrov et al., 2014) . It was shown that short pulses activate RGC and their axons whereas longer pulses activate bipolar cells (Petoe and Shivdasani, 2016; Weitz et al., 2015) .
We showed here that different constructs of the pulse, while maintaining the stimulation site and the overall charge, can affect the amplitude of the direct responses. As this measure is directly correlated with the number of cells activated and producing the response, it is a factor that strongly affects resolution. This, along with the other stimulation characteristics, need to be implemented into prosthetic devices to improve their performance.
To conclude, in this study we demonstrated the full effect of epi-retinal stimulation with flat micro electrodes. Our investigations revealed that direct axonal responses are ubiquitous in epi-retina stimulation over a wide range of stimulation parameters. Utilizing this observation, we were able to show that stimulation asymmetry affects retina response. We also outlined the limitations associated with contemporary methods commonly used to record responses to stimulations. Unraveling these limitations and highlighting the characteristics of the evoked responses can help in the development of retinal stimulation strategies and in the general field of neuronal stimulation, where selective activation of specific target cells is a major challenge.
